Background: The neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio (LMR) are reported to show a strong correlation with prognosis in patients with non-small cell lung cancer (NSCLC). We aimed to describe a novel scoring system combining these ratios, termed the inflammatory response biomarker (IRB) score, and test its prognostic value in NSCLC. Methods: The data of 261 NSCLC patients who underwent thoracoscopic radical resection in a single center were retrospectively reviewed. The IRB score was defined as follows: a high NLR (> 2.12), a high PLR (92.9), and a low LMR (< 4.57) were each scored as 1; the opposite values were scored as 0. The individual scores were added to produce the IRB score (range: 0-3). Results: Multivariate analyses indicated that high tumor node metastasis (TNM) stage (hazard ratio [HR] 2.721, 95% confidence interval [CI] 1.597-4.989; P < 0.001) and an IRB score ≥ 2 (HR 2.696, 95% CI 1.506-4.826; P = 0.001) were independent prognostic factors for poor overall survival. Furthermore, smoking history (HR 2.953, 95% CI 1.086-8.026; P = 0.034), high TNM stage (HR 3.108, 95% CI 1.911-5.056; P < 0.001), and IRB score ≥ 2 (HR = 2.316, 95% CI: 1.389-3.861; P = 0.001) were demonstrated to be independent prognostic factors for poor disease-free survival. Conclusion: The novel scoring system combining NLR, PLR, and LMR was an independent prognostic factor in NSCLC patients undergoing thoracoscopic radical resection and was superior to these ratios alone for predicting prognosis.
Introduction
Lung cancer is the leading cause of cancer death worldwide and non-small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancers. 1, 2 Despite great advances in methods of diagnosis, treatment and follow-up, the prognosis of lung cancer remains unsatisfactory as a result of local tumor recurrence and distant metastasis in China, 3 the median survival duration of lung cancer patients is only 22.7 months. 4 Therefore, efficient and reliable prognostic factors that could guide clinicians to develop the most appropriate therapeutic strategies are urgently needed.
Previous studies have revealed that age, gender, smoking, and tumor node metastasis (TNM) stage are reliable prognostic markers for lung cancer. [5] [6] [7] [8] Nevertheless, patients at the same TNM stage may still have different clinical outcomes. 9 There are also some novel biomarkers that are significantly associated with the survival of lung cancer patients and can effectively guide clinical treatments, such as EGFR and IDM-1. 10, 11 However, these markers are costly and time-consuming to measure. Therefore, there are currently no valuable prognostic factors that can be easily obtained to precisely predict the survival of lung cancer patients.
In recent years, the systemic inflammatory response (SIR) has been proven to play a key role in cancer progression, development, and metastasis. 12 The neutrophil-tolymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio (LMR) are good markers of the SIR and have shown a significant correlation with clinical outcomes in multiple tumors. [13] [14] [15] In particular, they are simple to derive and economical. However, almost all studies on these factors only focused on a single indicator and their results were inconsistent. Therefore, we hypothesized that a scoring system combining these ratios may possess higher prognostic value than a single ratio.
In the current study, we described a novel prognostic scoring system using the NLR, PLR, and LMR that we termed the inflammatory response biomarker (IRB) score, and evaluated its prognostic significance in NSCLC patients undergoing thoracoscopic radical resection.
Methods

Study design
This is a retrospective study from a single center. All procedures performed involving human participants were conducted in accordance with the standards of the Ethics Committee of West China Hospital, Sichuan University and National Research Committee, and the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Because of the retrospective design of the study, informed consent was not required.
Study population
The data of patients diagnosed with NSCLC in the same medical group at the Department of Thoracic Surgery, West China Hospital, between 1 January 2014 and 29 February 2016 were reviewed. NSCLC diagnoses were made pathologically with bronchoscopic biopsies, computed tomography-guided needle specimens, or surgically resected specimens. The inclusion criteria were as follows: (i) pathologically confirmed NSCLC; (ii) patient underwent thoracoscopic radical lung resection and lymph node dissection; and (iii) blood tests were taken within one week preoperatively. The exclusion criteria were as follows: (i) patient received neoadjuvant therapy; (ii) clinical evidence of preoperative inflammatory condition or infection, such as inflammatory bowel disease or rheumatoid arthritis; (iii) other malignancies present; (iv) recurrent tumors; (v) patient underwent another surgery within three months before thoracoscopic radical resection; (vi) surgery was altered to thoracotomy; and (vii) insufficient data.
Data collection
All clinicopathological data was extracted from electronic medical records, including gender, age, smoking history, preoperative comorbidity, preoperative lung function represented by forced expiratory volume in one second (FEV1), forced vital capacity (FVC) and FEV1/FVC, size, pathology, extent of resection, TNM stage (based on the 7th Union for International Cancer Control TNM classification), and laboratory data.
Calculation and definition of neutrophilto-lymphocyte ratio (NLR), platelet-tolymphocyte ratio (PLR), and lymphocyteto-monocyte ratio (LMR) and inflammatory response biomarker (IRB) score
The NLR was defined as a simple ratio between the absolute neutrophil and lymphocyte counts. The PLR was defined as a simple ratio between the absolute platelet and lymphocyte counts. The LMR was defined as a simple ratio between the absolute lymphocyte and monocyte counts.
The optimal NLR, PLR, and LMR cutoff values for predicting death were determined by receiver operating curve (ROC) analysis. For the NLR, the cutoff value and the area under the curve (AUC) were 2.12 and 0.672, respectively, with a sensitivity of 60.0% and a specificity of 58.7%. For the PLR, the cutoff value and the AUC were 92.9 and 0.715, respectively, with a sensitivity of 67.7% and a specificity of 53.1%. For the LMR, the cutoff value and the AUC were 4.57 and 0.679, respectively, with a sensitivity of 69.2% and a specificity of 56.6%.
The IRB score was defined as follows: a high NLR (> 2.12), a high PLR (> 92.9) and a low LMR (< 4.57) were each scored as 1; the opposite values were scored as 0. The individual scores were added to determine the IRB score (range: 0-3).
Follow-up and the endpoint event
Follow-up information was obtained via telephone or directly from outpatient clinic records. The primary endpoint events of the current study were overall survival (OS) and disease-free survival (DFS). OS was defined as the interval from the date of surgery to the date of death from any cause or the last visit, and DFS was defined as the interval from the date of surgery to the date of recurrence, metastasis, or last follow-up. Patients known to be alive at the last follow-up were censored.
Statistical analysis
We used Microsoft Office Excel 2007 for data collection and SPSS version 22.0 for statistical analysis. Continuous and categorical variables were presented as median (range) values and numbers of patients (%), respectively. Student's t-test or one-way analysis of variance were used to compare continuous variables and χ2 or Fisher's exact tests for comparison of categorical variables. The OS was calculated via Kaplan-Meier analysis and the differences between groups were assessed via the log-rank test. Prognostic factors for decreased OS rates were identified via the Cox regression model.
Univariate regression analyses were used to identify potential risk factors from the variables that seemed to be associated with prognosis based on clinical knowledge and previous studies; variables with a P value < 0.10 were included into multivariate regression analyses. To avoid the effect of NLR, PLR, and LMR on the IRB score in the Cox regression model, two models excluding and including the IRB score were constructed.
All statistical tests were two-sided and P values < 0.05 were considered statistically significant.
Results
Patients characteristics
We enrolled 261 patients into our analysis based on the inclusion and exclusion criteria. The patient screening process is shown in Figure 1 . The median follow-up was 38 (range: 1-56) months. Among the 261 NSCLC patients, 144 (55.17%) were male and 123 (47.13%) were current or ex-smokers. Regarding preoperative comorbidities, 130 (49.81%) patients had at least one kind of comorbidity, including hypertension, diabetes mellitus, chronic obstructive pulmonary disease, coronary heart disease, and emphysema. Regarding the pathological type, 190 (72.80%) cases were adenocarcinomas, which accounted for the majority of the sample population. One hundred ninety (72.80%) patients underwent lobectomy and 134 (51.34%), 80 (30.65%), and 47 (18.01%) patients were in TNM stages I, II, and III, respectively. Detailed information is shown in Table 1 .
Associations between the NLR, PLR, and LMR and clinicopathologic characteristics
After grouping the 261 patients according to the optimal cutoff values of NLR, PLR and LMR, we explored the associations between these ratios and patient characteristics. The NLR was significantly correlated with gender (P = 0.007), age (P = 0.017), smoking history (P = 0.002), preoperative hypertension (P = 0.038), tumor size (P = 0.044), pathology (P = 0.015), TNM stage (P = 0.001), PLR (P < 0.001), and LMR (P < 0.001). The PLR was significantly correlated with preoperative diabetes mellitus (P = 0.027), tumor size (P = 0.005), neutrophil count (P < 0.001), monocyte count (P = 0.034), NLR (P < 0.001), and LMR (P < 0.001). The LMR was significantly correlated with gender (P = 0.001), age (P = 0.007), smoking history (P < 0.001), preoperative emphysema (P = 0.013), preoperative FEV1/FVC (P = 0.004), tumor size (P = 0.037), TNM stage (P = 0.039), neutrophil count (P = 0.006), NLR (P < 0.001), and PLR (P < 0.001). It is notable that these three ratios were significantly associated with each other, which indicates that they may interact with each other. More information is shown in Table 2 .
Associations between the IRB score and clinicopathologic characteristics
The IRB score was significantly correlated with the gender (P = 0.002), age (P = 0.024), smoking history (P = 0.001), preoperative hypertension (P = 0.018), preoperative emphysema (P = 0.042), preoperative FEV1/FVC (P = 0.005), tumor size (P = 0.004), extent of resection (P = 0.046), TNM stage (P = 0.009), neutrophil count (P < 0.001), platelet count (P = 0.007), monocyte count (P < 0.001), lymphocyte count (P < 0.001), NLR (P < 0.001), PLR (P < 0.001), and LMR (P < 0.001). Specific data is shown in Table 3 .
Postoperative overall survival (OS) and disease-free survival (DFS) based on IRB score
During the follow-up period, the mean survival time of the 65 patients who died was 30.74 months, while the mean survival time of the 196 patients who were still alive was 41.78 months. The mean time to recurrence in 77 patients who experienced recurrence was 25.34 months compared to 41 months in 184 non-recurrent patients. Patients with an IRB score ≤ 1 had significantly improved OS (P < 0.001) (Fig 2) and DFS (P < 0.001) (Fig 3) compared to patients with an IRB score ≥ 2. (Table 4) . Univariate analyses of DFS showed that gender (HR 1.622, 95% CI 1.015-2.590; P = 0.043), smoking history (HR 2.001, 95% CI 1.265-3.165; P = 0.003), preoperative emphysema (HR 1.890, 95% CI 1.125-3.176; P = 0.016), FEV1/FVC (HR 0.234, 95% CI 0.046-1.196; P = 0.081), larger tumors (HR 1.230, 95% CI 1.077-1.406; P = 0.002), high TNM stage (HR 2.772, 95% CI 2.196-3.500; P < 0.001), NLR ≥ 2.12 (HR 3.082, 95% CI 1.901-4.996; P < 0.001), PLR ≥ 92.9 (HR 2.451, 95% CI 1.512-3.973; P < 0.001), LMR < 4.57 (HR 3.509, 95% CI 1.025-12.002; P = 0.046), and IRB score ≥ 2 (HR 4.258, 95% CI 2.504-7.241; P < 0.001) were potentially correlated with DFS. Multivariate analyses indicated that smoking history (HR 2.953, 95% CI 1.086-8.026; P = 0.034), TNM stage III (HR 3.108, 95% CI 1.911-5.056; P < 0.001), and IRB score ≥ 2 (HR 2.316, 95% CI 1.389-3.861; P = 0.001) were independently associated with poor DFS (Table 5 ).
Prognostic factors of OS and DFS
Discussion
In our study, we evaluated associations among NLR, PLR, LMR, and IRB scores with OS and DFS in NSCLC patients who underwent thoracoscopic radical resection. The main finding was that the IRB score was an independent prognostic factor in NSCLC patients and was superior to NLR, PLR, and LMR alone for predicting prognosis.
Over the past decade, numerous studies have shown a correlation between the SIR and several types of solid cancers, including lung cancer. [16] [17] [18] [19] [20] Previous research demonstrated that the SIR could influence tumor progression by regulating the invasive and metastatic potential of lung cancer cells 21 Bold text indicates significance. AC, adenocarcinoma; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte; SC squamous carcinoma; SD, standard deviation; SD, standard deviation; TNM, tumor node metastasis. there are also many biomarkers that could represent systemic inflammation well. Unfortunately, some of these are not clinically accessible or are only applied as research tools, such as the modified Glasgow prognostic score (mGPS, a composite score derived from albumin levels and CRP). 22 A blood test is easy to obtain and is inexpensive, and almost every patient undergoes this test before surgery. Therefore, it would be very helpful for clinicians to develop and adjust treatment strategies if lung cancer prognosis could be predicted through a routine blood examination.
The association between blood cell counts or their ratios with lung cancer prognosis has been explored. [23] [24] [25] Yin et al. conducted a meta-analysis including 2734 patients from 14 studies and reported that a high NLR was a predictor of poor OS in lung cancer (HR 1.192, 95% CI 1.061-1.399; P heterogeneity = 0.003). 23 Zhang et al. also conducted a meta-analysis of 2889 patients from 12 studies and reported that NSCLC patients with an elevated PLR were more likely to have shorter OS after therapy (HR 1.492, 95% CI 1.231-1.807; P < 0.001). 24 Furthermore, in their meta-analysis including 3954 patients from eight studies, Li et al. demonstrated that a low LMR was significantly associated with poorer OS (HR 1.651, 95% CI 1.306-2.086, P < 0.001) and progression-free survival (PFS, HR 1.431, 95% CI 1.294-1.582, P < 0.001). 25 However, our results indicated that none of the three ratios were independent prognostic factors for OS of NSCLC, thus a larger sample is required to verify their value for predicting NSCLC prognosis.
Although the mechanisms by which the SIR affects lung cancer prognosis are not yet clear, some significant progress has been reported. Tumor-associated neutrophils (TANs), which are derived from peripheral neutrophils, are considered key mediators in tumor progression because they can accelerate tumor growth, stimulate angiogenesis, cause genetic instability, and improve the invasiveness of tumor cells. 26 Tumor-associated macrophages (TAMs), which are derived from circulating monocytic precursors, play a key role in the inflammatory microenvironment of tumor progression. 26 TAMs can produce angiogenic and growth factors, as well as the protease enzyme, which promote the degradation of extracellular matrixes and induce angiogenesis, accelerate tumor cell proliferation, and favor metastasis and invasion. 27 Unlike neutrophils and monocytes, lymphocytes play an essential role in the regulation of host cellmediated immunity, which is helpful for destroying residual malignant cells and related micrometastases. 28 Meanwhile, it is well known that tumor-infiltrating lymphocytes (TILs) are correlated with improved clinical outcomes in cancers. 29 Recent studies have reported that platelets are important for tumor angiogenesis. 30, 31 The mechanism may be that platelets adhere to tumor vessels and release granules containing potent angiogenesis stimulators, such as the platelet-derived endothelial cell growth factor. 30, 31 All of the mechanisms we examined Most studies of the prognostic significance of SIR only focused on single factors and did not attempt to combine these biomarkers. Our study described a novel scoring system that utilized the combination of NLR, PLR, and LMR, the IRB score. The IRB was superior to the single ratios for predicting NSCLC prognosis, indicating that this measure may be more useful than these ratios alone.
Our study excluded patients who experienced a conversion from thoracoscopic surgery to thoracotomy. According to research by Oda et al., thoracoscopic surgery could reduce blood loss, the duration of chest tube placement, postoperative hospital stay and CRP level, and improve five-year OS and DFS compared to thoracotomy in early NSCLC patients. 32 Their results indicated that the surgical method had a significant influence on peripheral blood inflammatory biomarkers and prognosis. Therefore, patients undergoing a change to thoracotomy were excluded from our study to decrease the bias caused by the surgical approach.
There were some limitations to our study. First, it was a retrospective study from a single center, thus the sample size was small. Second, the median follow-up was 38 (range: 1-56) months; therefore we were not able to observe the predictive effect of the IRB score on long-term prognosis.
Third, we excluded patients who underwent another surgery within three months before thoracoscopic surgery because surgery can cause changes to the SIR. However, whether the interval of three months was sufficient is unclear. Four, the optimal cutoff values of the NLR, PLR, and LMR in our study were 2.12, 92.9, and 4.57, respectively. In previous studies, their critical values ranged from 2.5 to 5, 106 to 300, and 2.62 to 4.56, respectively; [23] [24] [25] therefore, the critical values in the current study may only be appropriate to the population of our center. If physicians from other medical centers attempt to apply this prognostic scoring system, we suggest that they perform their own analysis to obtain the local cutoff values that are appropriate to the specific patient population. Five, we only enrolled the NLR, PLR, and LMR into our prognostic scoring system. There are additional systemic inflammatory biomarkers with high prognostic significance, such as the prognostic nutritional index and mGPS. 22, 33 Unfortunately, they were not routinely available in our department. Future studies of the prognostic scoring system should include as many systemic inflammation indicators as possible. Finally, because of a lack of external data, our results could not be further validated.
In conclusion, in this study we developed a novel prognostic scoring system using the NLR, PLR, and LMR that 
